Purpose: The purpose of this study was to examine (a) symptoms, (b) pain characteristics (intensity, location, quality), (c) pain medications and nonpharmacological strategies used for pain, (d) thoughts and feelings, and (e) healthcare visits. We also examined the relationship between pain and sleep. Data sources: Pain and symptoms were entered on an electronic e-Diary using a smartphone and were remotely monitored by an advanced practice registered nurse (APRN). Sixty-seven children and adolescents (10-17 years) reported mild to severe pain at home that did not require healthcare visits. Symptoms reported were (a) general symptoms such as tiredness/fatigue (34.7%), headache (20.8%), yellowing of the eyes (28.4%); (b) respiratory symptoms such as sniffling (32.9%), coughing (19.1%), changes in breathing (10.0%); and (c) musculoskeletal symptoms such as stiffness in joints (15.8%). A significant negative correlation was found between pain and sleep (r = −.387, p = .024). Factors that predict pain included previous history of sickle cell disease (SCD) related events, symptoms, and negative thoughts. Conclusion: Pain and multiple symptoms entered on a web-based e-Diary were remotely monitored by an APRN and prompted communications, further evaluation, and recommendations. Implications for practice: Remote monitoring using wireless technology may facilitate timely management of pain and symptoms and minimize negative consequences in SCD.
Sickle cell disease (SCD) is a genetic blood disorder that affects the shape and structure of red blood cells (sickle-shaped), limiting the blood flow and its ability to carry oxygen. It is characterized by microvascular occlusion, hypoxemia, hypoxia, hemolytic anemia, and jaundice (NIH, 2002; Pack-Mabien & Haynes, 2009) . Multiple pathologic processes are associated with SCD, including inflammation, reperfusion injury, hemolysis, oxidant stress, and increased adhesion of the sickled red blood cells to vascular endothelium.
Although there are many types of SCD, the most common type is the β S /β S -hemoglobin SS (HgbSS), which occurs in 65% of the population in the United States. Infants with HgbSS typically present with hemolysis and anemia by 6-12 months. The second type is β S /β chemoglobin SC (HgbSC), which occurs in 25%, and infants present with no anemia or mild anemia by 12 months. The less common types are β S /β + -hemoglobin S beta + thalassemia (HgbSβ + ) and β S /β 0 -hemoglobin S beta 0 thalassemia (HgbSβ o ), which occurs in 8% and 2%, respectively. They present with no anemia or mild anemia by 6-12 months (NIH, 2002; Pass et al., 2000; Steinberg, 2008) . The severity of SCD symptoms varies according to the amount of normal and abnormal beta globin produced. Individuals with HgbSS have the more severe symptoms with recurrent sickle cell pain crises, acute organ syndromes, and chronic hemolytic anemia. The HgbSC type may cause similar, milder symptoms as HgbSS, but less anemia as a result of the higher hemoglobin level. When no beta globin (HgbSβ o ) is produced, the symptoms are almost identical to HgbSS, with severe cases needing chronic blood transfusions (Kohne, 2011; Steinberg, 2008) .
Many complications may occur that involve different organs such as splenic sequestration, cerebrovascular accident, acute chest syndrome, pulmonary hypertension, priapism, cholelithiasis, bone infarctions, and retinopathy (National Institutes of Health [NIH], 2002; Pack-Mabien & Haynes, 2009 ). The recurrent vasoocclusion may damage organs (renal, lung, liver), delay puberty, and affect neurocognition (Rees, Williams, & Gladwin, 2010; Tripathi, Jerrell, & Stallworth, 2011) . Some individuals with SCD begin having symptoms during the first year of life, presenting with dactylitis (hand-foot syndrome), febrile illness and infections, or aplastic crisis. Symptoms and complications differ for each person.
The acute painful episode from blocked blood vessels is the most common complication, and the most common reason that individuals with SCD go to an emergency room or hospital (Rees et al., 2010; Tripathi et al., 2011) . Sickle cells travel through small blood vessels, get trapped, block the blood flow, and cause acute onset of pain that can last for brief or prolonged periods of time. Acute episodes may require hospitalizations for treatment of pain that include predominantly opioids, such as morphine (Jacob et al., 2003; and hydromorphone (Jacob, Hockenberry, Mueller, Coates, & Zeltzer, 2008) . The pain may be accompanied by complications to organs as a result of the sickled red blood cells blocking blood flow to the lungs, spleen, kidneys, bones, liver, and brain (Rees et al., 2010) .
Although children and adolescents with SCD have benefited from improved medical treatment for pain and symptoms, accessing these treatments requires continuity of care with healthcare providers (hematologist, pain specialists, advanced practice registered nurses [APRNs]). They require periodic prescription and refill of pain medications (opioids, nonsteroidal anti-inflammatory drugs [NSAIDs] , adjuvant medications) as well as periodic monitoring of the benefits and side effects of investigational treatments such as hydroxyurea. They require prevention care for early detection of SCD-related complications that includes transcranial Doppler ultrasound, echocardiogram, ophthalmology exam, pulmonary function tests, complete blood count with differential and reticulocyte counts, chemistries, ferritin level, hepatitis panel, and urinalyses (NIH, 2002) . Follow-up assessment and evaluation of risk factors, early recognition, and treatment of SCD-related complications such as pulmonary hypertension, cerebrovascular accident, acute chest syndrome, splenic sequestration, priapism, gall bladder disease, and organ damage are essential to improved life expectancy (NIH, 2002; Pack-Mabien & Haynes, 2009) . Annual reminders for preventive care such as pneumococcalconjugated vaccine (Prevnar), pneumococcal polysaccharide vaccine (Pneumovax), and other routine immunizations help prevent infections (NIH, 2002) . These children need prompt and progressive management of acute pain episodes as well as psychosocial support for emotional difficulties, such as anxiety, body dissatisfaction, and poor social adjustment (Hijmans et al., 2009; Simon, Barakat, Patterson, & Dampier, 2009; Unal, Toros, Kütük, & Uyanıker, 2011) .
Despite the importance of continuity of care, almost half of the children and adolescents with SCD are "no shows" or have "missed appointments" with regularly scheduled clinic visits (Crosby et al., 2009 ). Barriers to clinic attendance identified by Crosby and colleagues (2009) were dissatisfaction with clinical care, poor communication, long waiting periods, negative experiences with multiple medical providers, inconvenient and conflicting schedules, long distance travel time, and other transportation issues. Communication between patient and provider was reported to be one of the most important factors in attendance for scheduled appointments (Crosby et al., 2009 ).
Learning to communicate and connect effectively with hematologists and pediatric pain specialists in a timely manner requires children and youth with SCD to have access to technology that is simple and easy to use. Innovative approaches, such as advances in telehealth and Internet technology, have been shown to improve access to knowledgeable healthcare providers and improved health outcomes (Harper, 2003; Spittaels, De Bourdeaudhuij, & Vandelanotte, 2007) . Palermo, Valenzuela, and Stork (2004) found that higher compliance to daily diary completion and accuracy in diary reporting occurred when youths with SCD used electronic pain diaries (e-Diaries). Advances in technology have also allowed delivery of behavioral interventions using computer-and Internetbased programs for a range of conditions including pain management in youth with chronic medical conditions (Hicks, von Baeyer, & McGrath, 2006; Ritterband et al., 2003) . These e-health interventions have been reported to decrease barriers to continuity of care such as limited access to care as a result of distant location or travel difficulties and lack of trained knowledgeable healthcare providers with expertise in SCD (Devineni & Blanchard, 2005; Jerome & Zaylor, 2000) .
The Institute of Medicine document Crossing the Quality Chasm (2001) emphasized the importance of patient-provider communication, provision of patient education to gain self-management skills, easy access to web-based monitoring information, and provision of decision support systems to improve the outcomes of care. In response to the call to improve the delivery of healthcare services, there has been an increase in new technology-based care and disease management support systems (Stinson, Wilson, Gill, Yamada, & Holt, 2009 ). Health information technology and wireless devices were designed to support patient and provider communications, and encourage patients to become active participants in their own care. Technology also enables healthcare providers to remotely monitor patients and to detect and prevent potential problems. Therefore, preventive interventions maximize patients' abilities to recognize problems early and minimize complications that lead to hospitalizations and other healthcare expenses.
We developed the Wireless Pain Intervention Program that has two features: (a) participants answered questions about pain and symptoms twice daily using a web-based e-Diary accessible by using a smartphone (Jacob, Stinson, et al., 2012a); an APRN remotely monitored pain and symptoms, and communicated with participants and parents when needed about pain and symptoms (Jacob, Pavlish, et al., 2012b) . The purpose of this study was to examine pain and symptoms in children and adolescents with SCD who were participating in the Wireless Pain Intervention Program. More specifically, we examined (a) symptoms, (b) pain characteristics (intensity, location, quality), (c) pain medications and nonpharmacological strategies used for pain, (d) thoughts and feelings, and (e) healthcare visits. We also examined the relationship between pain and sleep. The study was approved by the Institutional Review Boards at the University of California Los Angeles (UCLA) Medical Center and the UCLA Harbor Medical Center.
Methods

Design
A prospective longitudinal design was used to examine pain and symptoms. Participants were asked to use a smartphone to access a web-based e-Diary twice daily between April 2010 and December 2010. The e-Diary entries were transmitted via a wireless service plan into a secure server and were monitored remotely by an APRN with expertise in SCD.
Sample and setting
Recruitment was conducted by a community-based organization in Southern California, the SCD Foundation of California (SCDFC). The SCDFC serves the sickle cell community residing in the greater Los Angeles area, the Inland Empire (San Bernardino and Riverside Counties), within approximately a 75 mile radius of Los Angeles and San Diego. The SCDFC offers services to an estimated 5000 individuals throughout the state of California. The ethnic mix of the population served is approximately 90% African Americans. The other 10% are Hispanics and other ethnic origins.
Sample size
A sample size of 76 was determined (a priori) using GPOWER (Erdfelder et al., 1996) to allow detection of an effect size of d = 0.20 difference between baseline scores and repeated measures of pain, with alpha of .05 and power of .80, and also account for a 15% dropout rate. For the current descriptive analysis, the combined sample of 67 allows reasonable accuracy of 95% confidence intervals around means of ±0.23 standard deviation (SD) units in analyses where one summary measure is available for each subject or as small as ±0.08 SD units for the 509 pain ratings.
Eligibility
Eligible participants received flyers and were invited by the special projects coordinator from the SCDFC to participate in the study. Children and adolescents were eligible to participate if: (a) they were 10-17 years of age; (b) diagnosed with SCD; (c) able to speak, read, write, and understand English; and (d) able to use the computer and smartphone. They were excluded if they had major cognitive or neurological impairments (as reported by parents) that may have impacted their ability to understand and complete the study procedures.
Measures on the e-Diary
The items on the e-Diary were taken from measures with established reliability and validity (Table 1) and included the following eight items: (a) Symptoms Checklist, which lists 27 symptoms experienced the previous 12 h that were derived from our previous study (Jacob et al., 2005) ; (b) 0-10 Visual Analog Scales (VAS), for rating of pain "now," "highest," and "lowest" pain the previous 12 h (Tesler et al., 1991) ; (c) Adolescent Pediatric Pain Tool (Savedra, Holzemer, Tesler, & Wilkie, 1993) for marking the locations of pain the previous 12 h, and indicating the quality of pain using a list of 67 words that describe the affective, evaluative, sensory, and temporal dimensions of pain (Wilkie et al., 1990) ; Symptoms checklist A list of 27 symptoms experienced at home prior to admission to the hospital that were identified by parents, children, and adolescents in our previous study (Jacob et al., 2005 (Jacob et al., , 2012a .
Content validity of content of the symptoms checklist was determined by a panel of expert clinicians and researchers (Jacob et al., 2005 (Jacob et al., , 2012a ). Pain intensity Visual Analog Scale of the Adolescent Pediatric Pain Tool (APPT) for measurement of highest level, lowest level, and pain level at time of completion (Tesler et al., 1991) . r = .68-.97; correlation of five scales to rate pain intensity of standardized painful stimuli in an analogue situation supporting convergent validity (Tesler et al., 1991) . r = .91 test-retest reliability between the Visual Analog Scale, word-graphic rating scales, and one of four other scales (Tesler et al., 1991) . Pain location Body outline diagram of the APPT for quantifying the number and percent of pain sites marked on a body outline diagram (Savedra et al., 1993) . κ = 0.71; agreement of pair 2 coders on site number (Savedra et al., 1993 ).
Pain quality Word Descriptor List of the APPT for quantifying the number of sensory, affective, evaluative, and temporal quality of pain (Wilkie et al., 1990) .
99; correlation between number of sensory words and number of pain sites r = .81; correlation between number of affective words and number of pain sites r = .99; correlation between number of evaluative words and number of pain sites r = .86; correlation between number of temporal words and number of pain sites (Wilkie et al., 1990) . Medications A list of medications that were taken at home for pain and symptoms, identified by parents and children, and adolescents with sickle cell disease in our previous study.
Content validity of the words to describe the medications that were used for management of pain was determined by a panel of expert clinicians and researchers based on review of the literature and clinical experience (Jacob et al., 2003 (Jacob et al., , 2007 (Jacob et al., , 2012a ). Strategies for pain management A list of strategies used for managing pain at home, identified by parents and children, and adolescents with sickle cell disease (Beyer et al., 1999) .
Content validity of the words to describe the nonpharmacological items that were used for management of pain was determined by a panel of expert clinicians and researchers based on review of the literature and clinical experience (Beyer et al., 1999; Jacob et al., 2012a) . Sleep "How much sleep did you have during the night?", followed by a list of responses that were checked: "did not sleep at all", "slept a little", "slept some", and "slept a lot" (assigned the following numbers during analyses-0, 2.5, 5, 10, respectively, assigned to transform nominal level to an interval 0-10 scale (Von Bayer & Hicks, 2000; Waltz, Strickland, & Lenz, 2010) .
Content validity of the words to describe the amount of sleep was determined by a panel of expert clinicians and researchers (Jacob et al., 2006 (Jacob et al., , 2012a .
Thoughts/feelings A list of items that were identified in the literature (Laurent et al., 1999 (Laurent et al., , 2004 ) that describe a range of thoughts and feelings that children expressed.
Content validity of the words used to describe thoughts and feelings was determined by a panel of expert clinicians and researchers based on review of the literature and clinical experience (Jacob et al., 2012a) . Healthcare visits A list of healthcare visits (sickle cell clinic, doctor's office emergency department, day hospital, hospital) that are used by children and adolescents with sickle cell disease (Jacob et al., 2012a) .
Content validity of the words used to describe healthcare visits was determined by a panel of expert clinicians and researchers based on review of the literature and clinical experience (Jacob et al., 2012a) .
Note. r:
Pearson's or Spearman's correlation coefficients; κ: Cohen's Kappa coefficient.
(d) Medications Checklist for assessing the name, dose, and frequency of medications taken for pain, as well as the amount of relief received from medications the previous 12 h (Jacob et al., 2003 (Jacob et al., , 2007 ; (e) Other Strategies Checklist, which listed nonpharmacological strategies that were used to relieve pain the previous 12 h (deep breathing, relaxation exercises, heat packs, hot bath/shower, massage, imagery, distraction, talking with friends/parents), as well as the amount of relief received from other strategies the previous 12 h ( Beyer & Simmons, 2004) ; (f) sleep to assess "How much sleep did you have during the night?", followed by responses from 0 = did not sleep at all to 10 = slept a lot (Jacob et al., 2006) ; (g) Thoughts/Feelings checklist that included words to describe thoughts and feelings the previous 12 h-happy/delighted/joyful, content/calm, anxious, depressed, angry/mad/upset, fearful/scared/frightened, sad/lonely/gloomy, miserable, worried/bothered, nervous/jittery, ashamed, guilty, tired (Hughes & Kendall, 2009) ; and (h) healthcare visits to determine if they went to the Sickle Cell Clinic, a Medical Office, Urgent Care Clinic, Other Clinic, Emergency Department, or Day Hospital, and if the child was hospitalized or discharged from the hospital the previous 12 h (Jacob, Stinson et al., 2012a) .
Procedures
After consenting procedures, participants were enrolled and attended an information session on the use of a smartphone for accessing the web-based e-Diary (Jacob, Stinson, et al., 2012a ) that included questions related to symptoms, pain, medications, and other strategies used to relieve pain and symptoms, improve sleep, thoughts/feelings, and healthcare utilization. Participants were instructed to complete their e-Diary two times each day and received automated reminders if e-Diary was not completed.
The APRN monitored entries daily on the APRN web interface where participants' e-Diary entries could be seen (Figure 1) . The APRN contacted participants (via text messages or phone calls) in the event that pain and other symptoms required attention, to maintain contact and monitor their progress. Smartphones with wireless service plans were provided at no cost. The participants were able to send unlimited text messages and make unlimited phone calls as needed to the APRN. The research staff and programmer from the UCLA Computer Science Department were available for technical assistance and problem solving when needed. Participants received $30 gift cards during the information session and at the end of 3 and 6 months.
Data analyses
Diary entries were readily accessible on Excel spreadsheets at time of entry. Data were then imported from Excel to the statistical software (SPSS version 19, Chicago, IL) for analyses. Descriptive statistics were used (means, SDs, frequencies, percentages) to quantify: (a) the frequency of entries and type of symptoms, (b) pain intensity ratings, (c) number of areas on the body outline indicating location of pain, (d) the number of word descriptors used to describe the quality of pain, (e) medications and other strategies used for pain, (f) sleep, (g) thoughts/feelings, and (h) healthcare visits that were experienced by children and adolescents with SCD.
Pain was categorized as mild for pain scores of 3 or less on the 0-10 VAS, moderate for VAS pain scores of 4-6, and severe for VAS pain scores 7-10. Pearson correlation was used to examine the relationship between pain and sleep (Munro, 2004) . Because participants were enrolled in the study at different times, there were variations in length of participation. Therefore, we calculated the average number of pain and symptoms occurrences per week. The Repeated Measures Zero-Inflated Poisson (ZIP) Model (Lee, Wang, Scott, Yau, & McLachlan, 2006 ) was used to determine factors that predict the number of pain occurrences per week.
Results
A total of 76 children and adolescents with SCD from the SCDFC were screened, assented, and enrolled after parental consent was obtained between April 2010 and December 2010. Participants were withdrawn if the smartphone was lost or damaged (n = 5), and if the morning and evening questions were not fully completed (n = 4). Data presented are from the 67 participants who completed the study. They ranged in age from 10 to 17 years (mean age was 13.0 ± 1.9 years); 54.3% were females. Their grade levels ranged between 4th grade and 12th grade; the mean was 7th grade.
A majority of participants had either HgbSS (47.8%) or HgbSC (28.4%). The majority were African Americans (95.5%) with a few Hispanics (4.5%). Some reported having a history of acute chest syndrome (46.3%), splenectomy (11.9%), and/or iron overload (13.4%). Few reported having other SCD-related complications such as cerebrovascular accident (7.5%), avascular necrosis (6%), splenic sequestration (6%), leg ulcers (6%), priapism (6%), pulmonary hypertension (3%), and cholecystectomy (3%). Some reported having history of asthma (28.4%) and other medical conditions (23.9%) unrelated to SCD. The participants had a total of 9216 e-Diary entries between April 2010 and December 2010; these entries include 4573 morning (49.5%) and 4653 evening (50.5%) entries.
Symptoms
The number of symptom events ranged from 4 to 7 symptoms per patient per week ( Table 2 ). The most frequently reported symptoms were (a) general symptoms such as tiredness/lack of energy (34.7%), headache (20.8%), yellowing of the eyes (28.4%); (b) respiratory symptoms such as sniffling (32.9%), coughing (19.1%), changes in breathing (10.0%); and (c) musculoskeletal symptoms such as stiffness in joints (15.8%) and muscle tenderness (8.4%).
Pain
The incidence of pain events ranged from 0 to 2 pain entries per patient per week (Table 3) . At the time of e-Diary completion, participants reported having pain in 509 entries; these pain entries include 217 morning (42.6%) and 292 evening (57.4%) entries. Pain ratings ranged from 1.0 to 10.0 (on 0-10 VAS) with an overall mean of 4.1 ± 2.2. No significant difference was found in current pain ratings between the morning (4.2 ± 2.3) and evening (4.0 ± 2.2) ratings. No significant difference was found in pain ratings (4.1 ± 1.6) of children 10-13 years when compared to pain ratings (4.0 ± 1.8) of adolescents 14-17 years. The overall highest pain rating was 5.2 ± 2.5 and the overall lowest pain rating was 2.6 ± 1.9. Of the 509 entries, current pain was rated as mild in 226 (44.4%) entries with mean pain 2.7 ± 0.8, moderate in 213 (41.8%) entries with mean pain 4.7 ± 0.6, and severe in 70 (13.8%) entries with mean 8.4 ± 1.2 (Figure 2) .
The percent of body areas marked on the body outline diagram ranged from 63% to 86% when they were experiencing severe pain. The most frequently marked areas were front (20.3%) and back (22.4%) of chest, abdomen (22.5%), lower back (25.8%), and knees (16.5%). As illustrated in Figure 3 , the spatial distribution of pain may change from day 1 (86% marked areas) to day 2 (5% marked areas), whereas the pain intensity ratings remained severe (10.0 on day 1, to 7.0 on day 2 on 0-10 VAS scale).
The most frequently used words describing the quality of pain was annoying (44.0%), uncomfortable (49.5%), hurt (42.6%), ache (38.9%), and throbbing (37.7%). The most frequently selected sensory, affective, evaluative, and temporal quality word descriptors are presented in Table 4 . 
Pain management
The most frequently used medications were ibuprofen indicated in 202 entries and acetaminophen with codeine in 62 entries. When asked how much did the medicine help to relieve the pain (0 = did not help at all to 10 = helped a lot), the mean relief score was 4.1 ± 2.1 for ibuprofen and 4.3 ± 1.9 for acetaminophen with codeine. Other strategies for pain management were distraction (n = 158 entries), heat packs (n = 114 entries), bath (n = 92 entries), deep breathing (n = 44 entries), relaxation (n = 39 entries), massage (n = 39 entries), and talking (n = 32 entries).
Thoughts/feelings
Over half of the entries indicated that the participants were happy (62.0%) and less than half were content (41.4%). In over a quarter of the entries (28.8%), participants indicated they were tired. Few entries indicated they were anxious (5.3%), angry (5.2%), sad (3.3%), miserable (2.6%), worried (2.1%), and depressed (2.1%).
Sleep
Over half of the participants (54.8%) indicated having "slept quite a bit" during the night and almost a third (31.7%) reported having "slept some." A few participants indicated they "slept a little" (7.3%). A significant negative correlation (r = −.387, p = .024) was found between pain and sleep. For the morning entries when participants reported no pain, the mean sleep score was high (8.1 ± 1.2 on 0 = did not sleep at all to 10 = slept a lot). Sleep scores decreased with increasing pain. Mean sleep scores were 7.7 ± 1.7 when their pain was mild, 6.9 ± 2.7 when their pain was moderate, and 4.8 ± 3.8 when their pain was severe (Figure 4 ).
Healthcare use
Participants indicated that they went to the sickle cell clinic (n = 29 entries), medical office (n = 28 entries), urgent care clinic (n = 12 entries), or other clinic (n = 31 entries). Few indicated that they were in the emergency department (n = 11 entries). Some reported admission to a day hospital (n = 58 entries), an acute care hospital (n = 74 entries), or discharged (n = 30 entries) from an acute care hospital.
Factors that predict pain
Factors that predict the number of pain occurrences per week after controlling for time were (a) number of previous history of SCD-related events (e.g., acute chest syndrome, splenectomy, cerebrovascular accident) reported (β = 0.22 ± 0.10, p = .04), (b) number of symptoms per week (β = 0.09 ± 0.02, p < .0001), and (c) number of negative thoughts per week (β = 0.02 ± 0.01, p = .01). Other factors, such as age, gender, number of pain episodes per year, and number of hospitalizations and clinic visits per year, were not significant predictors of pain occurrences per week.
Figure 3
Example of body outline diagram with pain markings on days 1 and 2 that decreased remarkably in spatial distribution of the pain (86% on day 1 to 4% to day 2), but pain intensity ratings remained severe (10 on day 1-7 on day 2; pain measured on 0-10 VAS).
Discussion
The Wireless Pain Intervention Program for at-risk youths with SCD included a web interface for an APRN to remotely monitor pain and symptoms that children and adolescents entered into a web-based e-Diary accessible by using a smartphone. Participants reported symptoms at home, such as tiredness/fatigue, headache, and respiratory symptoms, which is consistent with previous reports (Jacob et al., 2005 , Jacob, Sockrider, Dinu, Acosta, & Mueller, 2010 .
Participants reported pain at home with the most frequently marked areas as the chest, abdomen, lower back, and knees. A majority of the pain episodes were mild or moderate and often did not require clinic, hospital, or emergency department visits. These findings were similar to other reports (Dampier, Ely, Brodecki, & O'Neal, 2002a , 2002b Dampier et al., 2004) . Consistent with findings from other studies, we found significant correlations between pain and sleep, with lower sleep scores when pain ratings were more severe (Palermo & Fonareva, 2006; Palermo & Kiska, 2005; Palermo, Toliver-Sokol, Fonareva, & Koh, 2007) . Similar to previous studies, children reported the most frequently used strategies for pain management at home were ibuprofen and acetaminophen with codeine (Beyer & Simmons, 2004; Beyer, Simmons, Woods, & Woods, 2000; Dampier et al., 2002a Dampier et al., , 2002b .
To our knowledge, this is the first study in which children and adolescents with SCD used smartphones to report their symptoms and pain to an APRN who helped them to deal with and resolve their problems using a wireless system. The majority of Internet and mobile technology programs reported to date are informational with multimedia and interactive personalized features to deliver information for pain and symptom management (Abascal, Bruning-Brown, Winzelberg, Dev, & Taylor, 2004; Celio et al., 2000; Hicks et al., 2006; Liss, Glueckauf, & Ecklund-Johnson, 2002; Long & Palermo, 2009; Luce et al., 2005; Rabascam, 2000; Ritterband et al., 2003) . In contrast to previous studies that used web-based Internet intervention to deliver information (Long & Palermo, 2009; Rabascam, 2000) and promoted communications using web portals (Glasgow & Toobert, 2000; Gustafson et al., 1999 Gustafson et al., , 2001 Leveille, Huang, Tsai, Weingart, & Iezzoni, 2008; Peters & Davidson, 1998) , the participants in our study self-monitored pain and symptoms and personally interacted with the APRN through text messages and direct phone calls using the smartphone. The APRN monitored entries daily on the APRN web interface where participant e-Diary entries may be seen and contacted participants (via text messages or phone calls) in the event that pain and other symptoms required attention, to maintain contact, and monitor their progress. The APRN provided ongoing coaching, psychosocial support, educational interventions (including web-based resources), and referrals to providers (hematologist, pediatric pain specialist, physical therapy, primary care providers) as needed. Participants contacted the APRN via text messages or phone calls as needed if they had thoughts, questions, and wanted to share information related to health (Jacob, Pavlish et al., 2012b) .
Although we demonstrated the ability of the participants to self-monitor pain and symptoms, and an APRN with SCD expertise to remotely monitor entries, we do not know if the communications and text message exchange between the APRN and participants made a difference in the outcomes of care. Future studies are needed to measure the outcomes and benefits of wireless technology and text message communications with healthcare providers with expertise in SCD. The APRN established open communications and maintained ongoing connection with participants, particularly about management of pain and symptoms at home, as well as other psychosocial concerns that potentially minimized healthcare visits. Examples of outcomes that need to be measured in future studies include healthcare use, frequency and duration of pain episodes, pain coping, sleep, and quality of life.
The successful use of smartphones for self-monitoring of pain and symptoms, the ability of the APRN to remotely monitor them, and the ongoing connection and open communications between pediatric participants with SCD and the APRN will lead to further innovations in the use of wireless technology that may transform the assessment and management of pain and symptoms in individuals with SCD. Future studies with larger sample sizes in multiple sites and healthcare providers with expertise in SCD are needed to demonstrate the effectiveness of this approach. Prospective randomized studies are needed to identify individuals with SCD who may benefit from proactive management and follow-up, and improved monitoring not only of pain and symptoms but also of the efficacy of therapeutic interventions.
The web interface that was developed in the study could facilitate timely management of pain and symptoms and minimize negative consequences of prolonged unrelieved pain and symptoms in SCD. Many young individuals with SCD rely upon their parents to help them to relieve their pain and symptoms, and to seek healthcare services. This dependence upon parents could create a barrier to self-reliance as these children and adolescents approach adulthood. Effective and ongoing communication between an experienced APRN and the pediatric patient using wireless technology builds upon the foundation to help children gain the skills to cope with their symptoms and assume an active role in prevention and treatment of their pain and symptoms, and healthcare utilization. The wireless intervention program model used in this study has the potential to improve communication between children and adolescents with other chronic diseases and their healthcare providers. It could be a prototype for remote monitoring of pain and symptoms among children and adolescents with cancer, cystic fibrosis, rheumatoid arthritis, diabetes, and other diseases that involve pain and disabling symptoms.
This study has several limitations. First of all, only families who had access to the services of the SCDFC were included. Thus, the results may not be generalizable to families who live in other regions, or those who access care from medical centers. Second, the data were transmitted directly onto a server using a wireless service provider. Therefore, the web-based interface and the APRN's ability to remotely monitor pain and symptoms were highly dependent on compliance with completing the web-based e-Diary and the participants having wireless service in areas where wireless connectivity was possible. Third, the participants in our study were older children. Therefore, remotely monitoring of pain and symptoms in younger children might be feasible only if parents were able to complete the e-Diary; we did not recruit parents to participate in the study. Fourth, the web-based e-Diary was available only in English, a factor that limits its utilization to children and adolescents who do not speak, read, write, and understand English. Finally, children and adolescents who have significant cognitive or neurological impairments may not be able to use the web-based eDiary unless their parents were able to complete the eDiary for them. This change in protocol would require parents to participate in the intervention.
In conclusion, the children and adolescents with SCD reported pain and multiple symptoms they experienced at home and included general (fever, tiredness), respiratory (cough, sniffles), and musculoskeletal symptoms (joint stiffness, muscle tenderness). They reported different pain levels from none to severe, and those who had higher pain scores also reported lower sleep scores. Factors that predict pain included SCD-related events, symptoms, and negative thoughts. They were able to use a smartphone to access the web-based e-Diary to report pain and symptoms. The APRN was able to remotely monitor the pain and symptoms that prompted communications, further evaluation, and recommendations. Future studies are recommended to examine the effects of using wireless technology, on the number of healthcare visits, pain coping, sleep, function, quality of life, and other outcomes in children and adolescents with SCD.
